�������������� � �����, � �������-����� �������-charide used as a non-specific immunotherapeutic agent, is said to improve the prognosis of malignant tumors such as colon cancer, but there have been few in-depth investigations of its mechanism of action. In the present study, we investigated which genes in colon cancer cells themselves are regulated by PSK and what sort of action it exerts. Colon cancer cells were exposed to PSK in vitro and changes to their morphology and adhesive capacity were investigated, as were the changes in integrin expression that occurred. Exposure to PSK caused colon cancer cells to become spherical in morphology and investigation of their adhesion rate showed that it reduced adhesion to laminin, fibrinogen, collagen IV, collagen I and fibronectin. In terms of changes to molecules on the surface of cancer cells, there was reduced expression of integrin mRNA α ��� β, which are ligands for the proteins of basement membrane. An investigation of the adhesiveness of PSK-stimulated colon cancer cells to vascular endothelial cells also showed that the adhesion rate decreased significantly compared with cells not exposed to PSK. Suppression of integrin expression on the cell surface and reduced adhesion to vascular endothelial cells were observed as a novel mechanism of action of PSK on colon cancer cells.
Introduction
Colon cancer has an important position among malignant ��������� �� J����, ��� U����� ������ ��� E����� ��� �� ������� by a range of therapies including surgery, chemotherapy and radiotherapy (1) (2) (3) (4) (5) (6) (7) (8) .
�������������� � �����, � �������-����� ��������������, is a widely used, non-specific immunotherapeutic agent that is obtained from Coriolus versicolor fungi (9) . In structure, it includes a protein-bound polysaccharide with a molecular weight of approximately 94,000, containing approximately 38% protein, with the sugar portion being a β-glycan glucose that contains around 75% glucose in addition to mannose, xylose and galactose.
To date, the major known mechanisms of action of PSK include: i) apoptosis induction, inhibition of cell invasion and enhanced expression of MHC class I; ii) enhanced activation of natural killer, cytotoxic T, lymphokine-activated killer and other cells as an effect of cytokine induction involved with immunocyte and host defense regulation, as well as regulation of cytokine production; and iii) inhibition of TGF-β production and alleviation of oxidative stress by inhibition of immunosuppressive substances, and it possesses a diverse range of immunostimulating effects as a biochemical response modifier (10) (11) (12) (13) . In terms of clinical knowledge, Torisu et al compared a group of patients given PSK as monotherapy after colon cancer curative resection with a group not given PSK, and found that the PSK-treated group had a significantly better survival rate (14) . Sakamoto et al, Ohwada et al ��� Y�������� et al also reported that, when PSK was combined with anticancer drugs after colon cancer curative resection, patients who received PSK had significantly better survival rates than did those who did not receive it (15) (16) (17) . Other reports describe the efficacy of PSK administration with respect to gastric, esophageal, breast and lung cancer (18) (19) (20) (21) (22) . That is, PSK has been shown to contribute to the treatment of a variety of malignant tumors from the perspectives of both basic science experiments and clinical results.
Few reports, however, have addressed the genetic changes that occur in colon cancer cells themselves as a result of PSK administration. In the present study, we investigated which genes in colon cancer cells themselves are acted on by PSK and what kind of action it exerts.
Materials and methods
Cell viability. Apoptosis was detected by cytometry using Annexin-V-Fluos staining kit (Roche, Germany). Briefly, cells were incubated with Annexin-V-Alexa 568 for 15 min. After cells were washed thrice in PBS, we detected red cells under a fluorescent microscope.
Cell culture. The human colorectal cancer cell lines: HCT116, HT29 and DLD-1 (obtained from European Collection of Cell Cultures, UK) were cultured at 37˚C in 5% CO 2 in RPMI-1640 medium containing 10% fetal bovine serum (23) .
We attest that the research was performed in accordance with the humane and ethical rules for human experimentation that are stated in the Declaration of Helsinki.
Cell treatment and cell morphology. The cells were plated in 10-cm tissue culture dish and co-cultured with 300 µg̸ml PSK (Kureha Chemical Industry, Co., Ltd., Tokyo, Japan). After 16 h, the cell morphology was digitally photographed at x200 magnification.
Cell adhesion assay. CytoSelect 48-Well cell adhesion assay (ECM Array: Cell Biolabs Inc., San Diego, CA, USA) was performed for 10 min at room temperature. An aliquot (5x10 4 cells) of the prepared cell suspension was added into the well, as an adhesive substrate for 8 h at 37˚C in a cell culture incubator. Adherent cells were stained and quantified at OD560 after extraction according to the manufacturer's instructions.
RT
2 Profiler™ PCR array and real-time PCR. Total-RNA was extracted from colon cancer cells using guanidinium-thiocyanate (23, 24) . Real-time PCR was performed according to the User Manual of RT 2 Profiler PCR array system (Extracellular Matrix and Adhesion Molecule PCR array: Catalog no. PAHS-013A) (SABioscience, Frederick, MD, USA). The data were analyzed using Excel-based PCR Array Data Analysis Templates.
Tumor cell-endothelium adhesion assays. Tumor cell-endothelium adhesion assays were carried out according to the manufacturer's instructions (Cell Biolabs, Inc.). In brief, human venous endothelial cells (HUVEC) (5x10 4 ) were seeded onto the wells and were incubated at 37˚C for 48 h in a tissue culture incubator. Harvest colon cancer cells (1x10 6 ������ were incubated in serum-free media with CytoTracker™ at 37˚C for one hour. Colon cancer cells (1x10 5 cells) were seeded to the wells and were incubated at 37˚C for 8 h. After washing cancer cells, the adhesive cell number were counted at x100 magnification.
Statistical considerations. Characteristics of the two treatment arms were compared using the χ 2 test. Values of P<0.05 were considered as statistically significant.
Results
Cell viability. Colon cancer cells (HCT116, HT29 and DLD-1) analyzed under fluorescence microscope using Annexin-V-FLUOS staining assay showed no increased cell apoptosis and death in samples treated with PSK (average; 100 µg̸ml: staining cells 1.5% or 300 µg̸ml: staining cells 2.3%) compared with untreated cells (staining cells 1.3%). Cells treated with 500 µg̸ml showed slightly increased cell apoptosis and death (staining cells 7.1%).
Investigation of colon cancer cell morphology after PSK stimulation. We investigated the changes in cell morphology that Investigation of adhesion molecule integrin mRNA of colon cancer cells after PSK stimulation. The results mentioned above indicate the involvement of integrin mRNA, which are believed to be ligands for the substrates; therefore, the expression of each of these mRNAs was investigated (Fig. 4) .
A comparison of non-stimulated HCT116 colon cancer cells with PSK-stimulated HCT116 colon cancer cells showed that expression of the integrin α-1, 3, 5 ��� β-1 mRNA was significantly reduced in PSK-stimulated HCT116 colon cancer cells.
Non-stimulated HT29 colon cancer cells compared with PSK-stimulated HT29 colon cancer cells showed that expression of the integrin α-5 ��� β-1 mRNA was significantly reduced in PSK-stimulated HT29 colon cancer cells. A comparison of non-stimulated DLD-1 colon cancer cells with PSK-stimulated DLD-1 colon cancer cells showed that expression of the integrin α-2, 3, 5, 6 and β-1 mRNA was significantly reduced in PSK-stimulated DLD-1 colon cancer cells.
Investigation of the adhesion rate of PSK-stimulated colon cancer cells to human vascular endothelial cells.
We investigated the extent to which non-stimulated colon cancer cells and PSK-stimulated colon cancer cells adhered to human vascular endothelial cells. The results are shown in Fig. 5 . The cell adhesion rate for non-stimulated HCT116 colon cancer cells was 34.5 cells̸field of view, whereas for PSK-stimulated HCT116 colon cancer cells, it was 17.3 cells̸field of view, a significantly lower rate of adhesion to HUVEC (Fig. 5b) .
The cell adhesion rate for non-stimulated HT29 colon cancer cells was 21.4 cells̸field of view, whereas for PSK-stimulated HT29 colon cancer cells, it was 11.8 cells̸field of view, a significantly lower rate of adhesion to HUVEC. The cell adhesion rate for non-stimulated DLD-1 colon cancer cells was 27.2 cells̸field of view, whereas for PSK-stimulated DLD-1 colon cancer cells, it was 8.8 cells̸field of view, a significantly lower rate of adhesion to HUVEC. Discussion �������������� � �����, � �������-����� ��������������, �� a widely used, non-specific immunotherapeutic agent that is obtained from Corillus versicolor fungi (9) . It basically acts as a biochemical response modifier and possesses a diverse range of immunostimulating effects, including activating lymphocyte proliferation and enhancing lymphokine production (25) (26) (27) . In research on mice, Kobayashi et al implanted Lewis lung carcinoma subcutaneously and found that metastasis to the lung was suppressed by peritoneal administration of PSK (28), while Hosokawa et al administered PSK before or after surgery on mice with induced autologous tumor lineages and reported that survival time was extended compared with mice that had undergone the surgical procedure only (29) . A number of reports have also indicated its clinical efficacy for malignant tumors of the digestive tract, particularly gastric and colon cancers (14) (15) (16) (17) . In terms of clinical results with respect to human colon cancer, Torisu et al (14) , Sakamoto et al �15� and Ohwada et al (16) have reported significantly improved survival rates as a result of PSK administration to patients undergoing curative resection, compared with patients who did not receive PSK. It is thus clear that PSK acts effectively as a therapeutic agent, but most reports concerning its mechanism of action have focused on normal cells other than cancer cells, examining how it acts on the immune response in a variety of healthy mice or human tissues (5,6) and there have been almost no studies of the morphological changes to cancer cells themselves or of their molecular biology. In the present study, we investigated the way in which PSK stimulation acts on colon cancer cells themselves. As shown in Fig. 1 , clear changes in cellular morphology were observed, leading to the discovery that PSK has an effect on the skeletal system of the cells.
Liver metastasis is generally regarded as a prognostic factor in colon cancer. The mechanism whereby liver and hematogenous metastases of colon cancer occur involves cancer cells breaking off the primary lesion, after which they penetrate the capillaries and spread throughout the body via the portal and greater circulatory systems. They then adhere to vascular endothelial cells at the target organ, escape from the blood vessel, infiltrate the area outside and proliferate at the metastatic site. As a result of the elucidation of this mechanism of metastasis in recent years, it has been reported that molecules such as cellular adhesion molecules and angiogenic growth factors are important (30) .
We therefore focused on adhesion to vascular endothelial cells at target organs as the first stage in metastasis to a distant organ and investigated what changes occurred to adhesion molecules and adhesion of colon cancer cells after PSK stimulation. The reduction in the adhesion rate was observed for laminin, fibrinogen, collagen IV, collagen I and fibronectin. These proteins are a constituent of basement membranes together with nidogen and heparan sulfate proteoglycan, and reported to be involved in neurite growth and cell adhesion, proliferation, differentiation and migration (31, 32) . Integrin is the best-known ligand for the proteins of basement membranes (33) and has been implicated by a number of reports in liver metastasis of colon cancer (34) . We investigated the changes that are caused by PSK stimulation to the expression of integrin mRNA in colon cancer cells. As shown in Fig. 4 , the expression of integrin mRNA decreased. We also investigated the adhesiveness between vascular endothelial cells and PSK-stimulated colon cancer cells. Compared with cells not exposed to PSK, their adhesiveness was significantly lower, indicating that PSK acts on colon cancer cells, lowering their adhesion to vascular endothelial cells by reducing cell adhesion molecules (Fig. 6) .
